VERSATILE MOLD FLOW CAPABILITY IN THE INFILTRATION 
OF POROUS CARBON PREFORMS WITH 
PITCH/THERMOPLASTIC/THERMOSET RESINS 



FIELD OF THE INVENTION 
[0001] The present invention relates to resin transfer molding (RTM) 
systems for the manufacture of carbon-carbon composites. This 
invention provides a resin transfer molding system that enables a great 
deal of flexibility in the infiltration of porous carbon preforms with 
thermoset or thermoplastic resins or with pitch. Embodiments of this 
invention provide improved throughput rates by utilizing flash cooling of 
molten resin at the part surface. This invention also reduces the 
possibility of delaminating parts, provides flexibility in mold flow by using 
multiple hot runner gates to accommodate various fiber architectures, and 
improves venting by using both inner and outer diameter vents. Mold 
cavities provided by this invention may optionally also employ inner and/or 
outer part locating rings. The present invention thus provides a simple, 
robust, and versatile process-controlled system. 

BACKGROUND OF THE INVENTION 
[0002] The patent literature is replete with inventions relating to the 
production of carbon-carbon composites. For example, US 4,986,943 
(The Aerospace Corporation) teaches oxidation of a fiber preform matrix 
impregnated with petroleum-derived mesophase pitch to fix the matrix in 
place within the preform so that softening, bloating, and expulsion of the 
matrix are avoided when the preform body is carbonized. US 5,306,448 
(United Technologies Corporation) teaches a process that comprises 
applying pressure to a pressure yielding porous sponge containing resin to 
transfer the resin to a porous article precursor. More specifically, the 
resin reservoir facilitates Resin Transfer Molding by providing a resin 
reservoir to facilitate the desired impregnation of a porous preform such 
as a dry fiber composite precursor. US 6,325,608 B1 (North Carolina 
A&T State University) teaches an apparatus that includes a green part 
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molding station, a carbonization station, and an impregnation station. The 
impregnation station includes a mold that forms a sealed enclosure 
configured in the shape of the carbonized part for receiving the carbonized 
part and a vacuum source for evacuating the mold. At least one resin 
injection port is in the mold, and a supply of resin is connected to the 
resin injection port for injection into the mold. US 6,521 ,1 52 B1 
(Honeywell International Inc.) teaches depositing chopped fibrous 
materials and binder materials sequentially onto a belt conveyor so that 
the materials are successively layered in a predetermined ratio and 
subsequently mixed to achieve uniform dispersion throughout. The mixed 
materials are then deposited into a rotating mold to further ensure uniform 
dispersion of fibrous and binder materials. Impregnation of the fibrous 
materials with the binder material occurs in situ as the uniformly mixed 
materials are heated and subsequently compacted in the mold to obtain 
the desired shape of the fiber-reinforced composite part. Finally, US 
6,537,470 B1 (Honeywell International Inc.) teaches a Resin Transfer 
Molding process that uses a fibrous preform or rigid porous body which is 
placed into a mold matching the desired part geometry. A hot resin is 
injected into the mold. After cooling, the infiltrated component is 
removed from the mold. A gate fitted with a nozzle admits resin or pitch 
into the gate area of the mold. 

SUMMARY OF THE INVENTION 
[0003] This invention provides a rapid resin or pitch transfer molding 
apparatus. The apparatus of this invention comprises: means (not shown) 
for melting and conveying a resin or pitch; a mold (3) arranged so that 
melted resin or pitch is conveyed from the melting and conveying means 
into an annular mold cavity (1, 35) within an insert (2) in the molding 
apparatus, wherein the insert comprises means (6, 7, 8, 9, 86) for 
effecting flow of the resin or pitch from the top (87) and bottom (85) of 
the mold cavity (1, 35) to vents (22, 25, 81) located in the center of, at 
the top and/or bottom of, and/or annularly around the mold cavity (1, 35); 
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and means (not shown) disposed at the mold to constrain the mold during 
supply of the resin or pitch into the mold. In a preferred embodiment, the 
mold insert is configured to produce a brake disc for an aircraft landing 
system. The mold constraining means may be those shown, for instance, 
5 in US 6,537,470 B1, the entire contents of which patent are herein 
expressly incorporated by reference. The means for melting and 
conveying a resin or pitch may be those disclosed in application Serial No. 
10/407,472, filed April 4, 2003, the entire contents of which application 
are herein expressly incorporated by reference. 

10 [0004] The contribution of the present invention includes the mold 
and mold insert that are used for infiltrating a fibrous preform matrix 
located in the molding cavity. The mold insert may include: a top half 
having an annular groove (87); a bottom half having an annular groove 
opposed to the top half (85), so that the top half and the bottom half 

15 form an annular mold cavity (1 , 35); a plurality of melt supply channels 
(5, 6, 7, 8, 9, 86) disposed in the top half (31, 45) and in the bottom half 
(32, 40) of the mold, wherein the melt supply channels operatively 
communicate with the annular mold cavity; valves (13, 36), wherein the 
valves can admit resin or pitch into the melt supply channels in the top 

20 half and the bottom half of the mold; and an arrangement (22, 25, 81 ) for 
venting and/or providing a vacuum to the annular mold cavity. 
[0005] In the Resin Transfer Molding apparatus of this invention, the 
annular mold cavity may be partially defined by an inner step ring (29) 
and/or an inner locator ring (84, 89) and/or by an outer step ring (27) 

25 and/or an outer locator ring (20, 21). The RTM apparatus may also 
include a centrally located inner vent port (83) and/or a plurality of 
annularly located outer vent ports (22, 25). 

[0006] The molding process of this invention includes several steps. 
One such step contemplates arranging a porous preform (11, 18, 57), at a 
30 temperature above a melting point of a resin or pitch to be transferred into 
the preform (e.g., 100-425°C, more preferably 1 00-31 0°C), in an annular 
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mold cavity (1, 35). In some cases, a plurality of preforms may be place 
in the mold together. The annular mold cavity is defined by a top half 
that includes an annular groove (87) and a bottom half that includes an 
annular groove opposed to the top half (85), so that the top half and the 
5 bottom half form the annular mold cavity. Also, a plurality of melt supply 
channels (5, 6, 7, 8, 9, 86) is disposed in the top half (31, 40) and in the 
bottom half (32, 45) of the mold to operatively communicate with the 
annular mold cavity. Valves (1 3, 36) operable to admit resin or pitch into 
the melt supply channels in the top half and the bottom half of the mold 

10 are also proved. And, the annular mold cavity is provided with an 

arrangement (22, 25, 81) for venting and/or providing a vacuum thereto. 
Subsequently, in accordance with this invention, one may effect flow of 
the resin or pitch from channels (6, 7, 8, 9, 86) located in the top and 
bottom of the mold cavity through the preform (11, 18, 57) located in the 

15 mold cavity to vents (22, 25, 81) located in the center of, at the top 
and/or bottom of, and/or annularly around the mold cavity, in order to 
effect impregnation of the preform. Optionally, a vacuum may be 
provided to the mold prior to injecting the molten resin or pitch. Finally, 
the resulting resin-infiltrated or pitch-infiltrated preform will normally be 

20 cooled, for instance by a flash cooling system, to below the melting point 
of the resin or pitch and the impregnated preform will be removed from 
the mold. 

[0007] In the RTM process of this invention, the preform may be 
selected from the group consisting of fibrous preforms, carbon fiber 

25 preforms, nonwoven preforms, random fiber preforms with binder, 
rigidized preforms, and foam preforms. Preferably, the preform is a 
porous carbon body, most preferably, configured as a brake disc for an 
aircraft landing system. The resin or pitch used in the RTM process of 
this invention may be a synthetic pitch, a coal tar pitch, a petroleum 

30 pitch, a mesophase pitch, a high char yield thermoset resin, or any 
combination of such pitches and resins. 
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[0008] This invention also contemplates additional processing steps. 
For instance, the oxidized impregnated preform may be carbonized, and 
may be heated to a temperature of 1 600-2800°C to graphitize the 
carbonized impregnated preform. The graphitized preform may be further 
densified using chemical vapor deposition/chemical vapor infiltration or 
resin transfer molding. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] Various objects and features of the present invention will 
become apparent from the detailed description hereinbelow, considered in 
conjunction with the accompanying drawings. It is to be understood, 
however, that the drawings are designed solely for purposes of illustration 
and not as a definition of the limits of the invention. It should be further 
understood that the drawings are not necessarily drawn to scale and that, 
unless otherwise indicated, they are merely intended to conceptually 
illustrate the structures and procedures described herein. 

Figure 1 is a cut away side view of a mold, mold insert, and 
preform. 

Figure 2A is a cut away side view of a quarter of a mold, mold 
insert, and mold cavity in accordance with this invention. Figure 2B is a 
top plan view of the quarter of a mold, mold insert, and mold cavity 
shown in Figure 2A. 

Figure 3 shows upper and lower mold halves according to an 
embodiment of the present invention. 

Figure 4 is a cross-section of a mold insert assembly according to 
an embodiment of the present invention. 

Figures 5A and 5B show cross-sections of molds according to different 
embodiments of the present invention, including schematics of the resin 
flows around and through the preforms. 
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DETAILED DESCRIPTION OF THE INVENTION 
[OOIO] The reference numerals appearing in the drawings are listed 
below, along with indications of their illustrative significance. 



20 



25 



1, 35 


mold cavity 
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mold insert 
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mold 
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resin supply channel 


6, 7, 8, 9 


runner from resin supply channel 
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preform 


13, 36 


resin supply gate 
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top gate portion 
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bottom gate portion 
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resin supply gate nozzle 
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resin supply gate nozzle shut off rod 
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mold chamber 
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upper outside diameter locator ring 
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lower outside diameter locator ring 
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vents 
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27 


outer step ring 
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inner step ring 
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mold bottom half 


32 


mold top half 


33a, 33b, 33c, 


33d guide pins 


34a, 34b, 34c, 34d shim stock 
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mold insert bottom half 


41 


runner from resin supply channel 
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runner from resin supply channel 
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mold insert top half 



49 runner from resin supply channel 

81 inside diameter vent 
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83 central vent port 

84 lower inside diameter locator ring 

85 lower mold cavity 

87 upper mold cavity 

88 pressure indicator 

89 upper inside diameter locator ring 



[001 1] This invention provides a mold having a mold insert, which 
mold insert defines an internal cavity that is used in the manufacture of a 
preform. The mold and mold insert generally comprise top and bottom 
halves. These features are illustrated in Figure 1 . In accordance with the 
present invention, resin or pitch is fed through runners into the internal 
cavity. This is illustrated in Figures 2A and 2B. Mold cavity 1 is defined 
be mold insert 2. Resin/pitch channel 5, located in mold 3, branches off 
into runners 6, 7, 8, and 9. These runners in mold 3 are continued in 
mold insert 2. Runner 6 delivers resin/pitch through the outside surface 
of a preform located in cavity 1 . Runners 7 and 8 deliver resin/pitch 
through the top surface of a preform located in cavity 1 . Runner 9 
delivers resin/pitch through the inside surface of a preform located in 
cavity 1 . Figure 2, of course, simply illustrates the principle, which is 
delivery of resin or pitch from multiple locations situated at various places 
near the surface of a preform being melt infiltrated. 
[0012] The present invention thus contemplates both a material 
handling system and a mold. Together, these components of the present 
invention allow for great versatility in infiltrating porous preforms, such as 
for flat annular carbon brake disks. Full details of the material handling 
system are described in U.S. patent application Serial No. 10/407,472. 
The entire contents of Serial No. 1 0/407,472 are herein expressly 
incorporated by reference. The mold in this invention is both top and 
bottom fed, for example through gear pumps and/or piston-type melt 
accumulators or piston pumps. The gear pumps can be used to infiltrate 
preforms simultaneously, or they can be used with a delay. For instance, 
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the bottom resin feed line can be activated and then shut off, at which 
time the top resin feed line can be activated. This approach is especially 
valuable when the preform being infiltrated would be adversely affected 
by having two melt streams converge and create turbulence within its 
fiber structure. Likewise, in some applications, it may be desirable to 
complete the infiltration operation using only the top resin feed line or 
only the bottom resin feed line. Alternatively, the melt accumulators or 
piston pumps can be used to fill preforms simultaneously, individually, or 
by delay. The gear pumps and the melt accumulators/piston pumps can 
be used in any combination to effect infiltration. 

[0013] Pressure relief valves are used to eliminate pressure spikes 
during the infiltration process. This decreases the chance of damage to 
the preforms during the infiltration process. Gasses and moisture are 
removed through melt blender venting and/or holding tank venting to 
eliminate possible moisture or volatiles from entering the mold during 
infiltration. This also decreases the venting demands in the mold itself. 
Pitch and resin melting is conducted under a nitrogen blanket to maintain 
resin quality. That is, a blanket of nitrogen (or another inert gas) keeps 
moisture and oxygen away from the melted resin or pitch being supplied 
in the RTM process. The nitrogen blanket may be provided for instance 
by supplying pressurized nitrogen into the melt blender tank. 
[0014] In accordance with this invention, the mold and mold insert 
tooling vent through their outside walls and through their inside walls 
simultaneously. The mold insert tooling preferably has protrusions or 
steps, both top and bottom and both inner and outer, to allow for gradient 
pressure over the top and bottom web of the preform. The mold insert 
tooling also preferably has inner and/or outer preform locating rings to 
position the preform for infiltration. This lessens the possibility that 
preforms will be damaged during the pressurized infiltration process. 
Also, extended top and bottom ejector pins serve as platforms during 
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infiltration, to prevent flexing or damage to the preforms being treated. 
These molds can be used with vacuum but vacuum is not required. 
[0015] Preform webs located in the mold cavity can be filled through 
the top of the web, filled through the bottom of the web, top and bottom 
5 filled simultaneously through the web, or top and bottom filled with one 
side being delayed. Also, the webs can be side-filled, for instance from 
their inside diameter to their outside diameter. As those skilled in the art 
will appreciate, virtually any combination of fill directions can be used, 
depending upon the nature of the fibrous web and/or the viscosity and 

10 flow rate of the melt, in order to achieve the desired impregnation of the 
fibrous preform matrix. In accordance with this invention, flash cooling 
(air, water, mist, etc.) improves cycle times or production rates and 
allows for hotter mold operating temperatures, lower infiltration pressures, 
and even longer fill rates when desired. 

15 [00161 A process that makes use of the present invention may be 
illustrated with respect to the process disclosed in application Serial No. 
10/407,472. As taught therein, raw material, such as AR mesophase 
pitch resin, is melted in a melt blender apparatus, and then loaded into a 
holding tank. The melted pitch or resin may be kept under a nitrogen 

20 blanket to forestall oxidative cross-linking. Gasses and moisture may be 
removed from the system through a melt blender vent port and/or a 
holding tank vent port to eliminate possible moisture or volatiles from 
entering the mold during infiltration. This approach eliminates the 
necessity for drying the resin prior to use. Feed lines receive resin from 

25 the holding tank and feed an upper and a lower gear pump. Static mixers 
located in the feed lines ensure a homogeneous melt temperature by 
adding mechanical work to the resin, breaking up resin flow patterns, and 
improving the mixing of additives such as friction modifiers, resin 
stabilizers, and anti-oxidants in the resin material. The resin-melt feed 

30 lines may also be equipped with pressure indicators and pressure relief 
valves to eliminate pressure spikes during the infiltration process. This 
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lessens the possibility of damage to preforms during the infiltration 
process. The resin-melt feed lines may conveniently end in retractable 
nozzle tips, which are configured to be compatible with the external 
openings (for instance, sprue bushings) of melt supply channels in the 
mold apparatus of the present invention. 

[0017] In accordance with this invention, venting may be performed 
through the mold surfaces. Figure 3 is a view of the top half 32 and 
bottom half 31 of a single chambered, annular mold of an embodiment of 
the present invention. Preform 57 is shown positioned between the upper 
and lower halves of the mold. The bottom half of the mold has guide pins 
33a, 33b, 33c, and 33d to facilitate the alignment of the top and bottom 
halves of the mold. Bottom mold half 31 contains bottom mold insert 40. 
Top mold half 32 contains top mold insert 45. Mold inserts 40 and 45, 
when joined together face-to-face, define central mold cavity 35. Mold 
cavity 35 has a gate 36 and a nozzle 37 for injection of the pitch or resin 
into the inside of the preform. Mold cavity 35 also has runners 41 (lower) 
and 43 (upper) for injection of the pitch or resin into the bottom of the 
preform. Finally, mold cavity 35 has runners 47 (lower) and 49 (upper) 
for injection of the pitch or resin into the outside of the preform. Shim 
stock 34a, 34b, 34c, and 34d enables even venting of atmosphere and 
volatiles from the mold cavity. The shim stock can have a thickness of 
0.005 inches to 0.200 inches (0.13 mm to 5.1 mm). Alternatively, 
permanent spacers or machined grooves in the mold may be used to 
provide venting. Venting is normally performed during the injection of 
resin into the mold. Alternatively, vacuum can be provided to the mold 
prior to resin injection. A vacuum can also be provided to the mold during 
resin injection, in which case vent spacers would not be employed. 
[0018] Figure 4 is a cross-section of a mold insert assembly 
according to one embodiment of the present invention. In Figure 4, the 
upper and lower mold insert halves join together to form a mold cavity 
that comprises upper mold cavity 87 and lower mold cavity 85. Pressure 
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indicator 88 provides real-time readings of the pressure in the mold cavity. 
The mold cavity formed by the joined top and bottom halves is partially 
defined by upper and lower inner locator rings 84 and 89 and upper and 
lower outside diameter locator rings 20 and 21 and by inner step ring 29 
and by outer step ring 27. Significant features of the mold of this 
invention include inner vent 81, which vents gasses into cylindrical center 
vent port 83, and annular outer vent 25, which vents flash (small 
amounts of excess pitch or resin) into annularly disposed recovery 
channels. Another, very significant feature of the mold of this invention 
is melt supply channels 86, which are located above and below a preform 
1 1 that is to be melt-infiltrated in the mold. Prior art molds generally 
supply melted pitch or resin into the mold cavity only from a centrally 
located gate. 

[0019] Figure 5A shows a cross-section of a mold insert according 
to one embodiment of the present invention. The annular ring preform 1 8 
is placed in the annular chamber 19. The annular mold chamber 19 is 
center fed through gate 13, controlled by the top gate portion 14 and the 
bottom gate portion 1 5. Bottom gate portion 1 5 is fitted with a nozzle 1 6 
having a shut off rod 17. Mold chamber 19 is also fed with resin or pitch 
through outside runners 47. The annular chamber 1 9 is fitted with two 
outside diameter locator rings 20 and 21 . Each of the OD rings has an 
overlap of approximately % to y 2 inch (6.35 mm to 12.7 mm) with the 
preform. The vents 22 eliminate trapped air, volatile gases, and excess 
resin. 

[0020] Figure 5B shows a cross-section of a mold insert according 
to another embodiment of the present invention. The annular ring 
preform 18 is placed in the annular chamber 19. The annular mold 
chamber 1 9 is center fed through gate 1 3, controlled by the top gate 
portion 14 and the bottom gate portion 1 5. Bottom gate portion 1 5 is 
fitted with a nozzle 16 having a shut off rod 17. Mold chamber 19 is also 
fed with resin or pitch through top runners 43 and through bottom 
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runners 41 . The annular chamber 19 is fitted with two outside diameter 
locator rings 20 and 21 . Each of the OD rings has an overlap of 
approximately % to y 2 inch (6.35 mm to 12.7 mm) with the preform. The 
vents 22 eliminate trapped air, volatile gases, and excess resin. 
[0021] As can be seen from the above disclosure, this invention 
provides for a wide range of infiltration time and pressure parameters. 
The mold apparatus described herein allows for the following versatility in 
infiltrating porous preforms or flat annular carbon brake disks: mold is top 
and bottom fed; mold is designed with hot runners and/or multiple nozzles 
to improve the versatility of infiltrating preforms with molten resin; mold 
and insert tooling vent to outside diameter (OD) and inside diameter (ID) 
simultaneously; mold insert tooling has protrusions or steps (top and 
bottom, ID and OD) to allow for gradient pressures over the top and 
bottom of the preform web, lessening the opportunity to damage parts 
during the pressurized infiltration process; melt pressure indicators 
(controls) at the top and bottom cavities; top fill only, bottom fill only, or 
top and bottom fill simultaneously; top and bottom fill with delay at top or 
bottom; ID to OD or OD to ID infiltration; ID to OD or OD to ID infiltration 
simultaneously or with delay to either side; flash cooling (air, water, mist, 
etc.) to improve cycle times or production rates; flash cooling to allow for 
hotter mold operating temperatures, enabling lower infiltration pressures 
and longer fill rates when desired; ID and/or OD preform locating rings to 
position the preform for infiltration; extended top and bottom ejector pins 
to serve as platforms during infiltration to prevent part flexing; mold can 
be used to infiltrate porous preforms with or without vacuum. 



